Background/Aim: There is still debate on the role of serum uric acid as an independent risk factor for coronary artery disease (CAD), particularly premature CAD. This study aimed to investigate whether serum uric acid is a risk factor for premature CAD and whether it can influence the severity of coronary artery stenosis. Methods: Candidates for coronary artery angiography (age <45 years for men and <55 years for women) who met the inclusion criteria were enrolled in this study. Clinical data of the patients as well as their serum uric acid levels were compared with the presence of premature CAD. Results: In total, 473 patients were included and divided into two groups: the premature CAD group consisted of 245 patients (age = 46.2 ± 5.7 years; males = 110, 44.9%) and the normal coronary group consisted of 228 subjects (age = 45.7 ± 6.4 years; males = 62, 27.2%). Uric acid was significantly related to the presence of CAD, but this relationship was not significant after adjustment for confounding variables, including classic CAD risk factors. CAD patients were then categorized based on the extent of the disease (from minimal CAD to three-vessel disease); however, unlike the classic risk factors of CAD, uric acid was not significantly different between these groups (p = 0.10), and a similar result was observed after adjustment for confounders. Conclusion: Uric acid is not an independent risk factor for premature CAD but is weakly correlated with the extent of the disease; nevertheless, this relationship requires further investigation.
Introduction
Cardiovascular diseases are still the leading cause of death in the world despite improvements in medical management and technology. The growing number of elderly people is accompanied by an increase in the number of people affected by cardiovascular diseases [1] . Therefore, the preventable nature of cardiovascular diseases, especially coronary artery disease (CAD), underscores the need for an early recognition of the disease and its risk factors [2] . Until now, several risk factors for CAD have been identified [3, 4] ; however, there are still other controversial factors that demand further studies so they can be consolidated as definite risk factors for premature CAD, among which uric acid could be a useful clinical biomarker.
Serum uric acid, the final product of purine metabolism, has been shown to be correlated with cardiovascular diseases. It has also been suggested as a predictor of mortality and morbidity in patients with cardiovascular disorders such as hypertension [5] , myocardial infarction [6] , and congestive heart failure [7] . Although some studies have proposed uric acid as a cardiovascular risk factor [8] , this claim is still controversial and needs to be elucidated. Moreover, data about the role of uric acid as a cardiovascular risk factor in otherwise healthy young subjects, particularly those with premature CAD, are scarce as there may be differences between classic atherosclerosis and premature atherosclerosis.
In this study, we aimed to investigate whether serum uric acid is a risk factor for premature CAD and whether it can influence the severity of coronary artery stenosis as measured by the Gensini score and the clinical vessel score based on coronary angiography results.
Methods
This retrospective study included candidates for coronary artery angiography due to unstable angina who attended the Tehran Heart Center between April 2010 and September 2012 and who were eligible to enter the study based on the defined protocol. Our inclusion criteria were: age <45 years for men and <55 years for women, no history of renal disease or gout, no history of any malignancy, rheumatologic, renal, or hepatic disease, and a negative history for the use of diuretics or uric acid-modifying agents. Written informed consent was obtained from each patient, and the study protocol was approved by the Institutional Research Board and Ethical Committee.
Baseline demographics, past medical history, family history of CAD, laboratory measurements, and clinical and angiographic characteristics were recorded for each subject at admission and were later retrieved from the database of our center. After an overnight fasting, venous blood samples were obtained on the day of the procedure in order to measure serum uric acid, fasting blood sugar, and lipid profile. Serum uric acid was measured with commercially available kits via the colorimetric assay method using the Cobas Integra ® 400 analyzer (Roche Diagnostics Ltd., Switzerland). Reference values for uric acid were 4.0-8.0 mg/dl in men and 3.0-7.0 mg/dl in women.
The presence of premature CAD was confirmed by conventional angiography. Coronary artery angiography was performed at the catheterization laboratory of Tehran Heart Center under local anesthesia by an expert cardiologist, and the results were interpreted by two other cardiologists blinded to the study protocol. Based on these results, the subjects were then divided into two groups: the normal coronary group and the premature CAD group. CAD was classified based on the clinical vessel score [9] and the Gensini score [10] . With the clinical vessel score, the patients were categorized as having single-vessel, two-vessel, or threevessel disease. The Gensini score was calculated by assigning a severity score to each coronary stenosis regarding the degree of luminal narrowing and the importance of its location. The decrease in the lumen diameter and the roentgenographic appearance of concentric lesions and eccentric plaques were evaluated (reductions of 25, 50, 75, 90, and 99%, and complete occlusion were given the Gensini scores of 1, 2, 4, 8, 16, and 32, respectively). Each principal vascular segment was assigned a multiplier in accordance with the functional significance of the myocardial area supplied by that segment: the left main coronary artery, ×5; the proximal segment of the left anterior descending coronary artery and the proximal segment of the circumflex artery, ×2.5; the mid-segment of the left anterior descending coronary artery, ×1.5; the right coronary artery, the distal segment of the left anterior descending coronary artery, the distal segment of the circumflex artery,
Results
From a total of 20,041 patients who underwent diagnostic coronary angiography at the Tehran Heart Center within the study period, 3,852 cases were premature CAD patients. For this study, a sample size of 473 patients meeting our inclusion criteria was selected. The recruited patients were then divided into two groups based on the results of their angiography. A sum of 228 patients with normal coronary arteries and 245 patients with premature CAD were then compared for their baseline characteristics, as is shown in table 1 . The serum uric acid levels in the premature CAD group were significantly higher than those in the Values represent n (%) or mean ± SD. FBS = Fasting blood sugar; HDL = high-density lipoprotein; LDL = low-density lipoprotein. p < 0.05 was considered significant. subjects with normal coronary arteries (6.50 ± 1.92 vs. 6.11 ± 1.74 mg/dl; p = 0.02); however, when comparing men and women separately for uric acid, there was no significant difference between the groups ( fig. 1 ).
Serum uric acid was subsequently adjusted for confounding variables, including gender, family history of CAD, diabetes mellitus, hypertension, dyslipidemia, smoking, and opium use as well as levels of fasting blood sugar, total cholesterol, triglyceride, and serum creatinine ( table 2 ) . Nevertheless, there was no relationship between the serum level of uric acid and the presence of premature CAD (p = 0.94).
In order to examine the relationship between serum uric acid and the extent of CAD, the premature CAD patients were divided into four subgroups based on the vessel score (from minimal CAD to three-vessel disease), and the study variables were then compared between the groups ( table 3 ). In this model, there was no significant difference between the groups regarding uric acid levels (p = 0.1), despite the fact that classic risk factors for CAD, i.e. family history of CAD, diabetes mellitus, hypertension, dyslipidemia, and smoking, were significantly related to the extent of the disease (p = 0.001, p < 0.001, p < 0.001, p = 0.001, and p < 0.001, respectively). After adjustment for the confounding variables, the relationship of serum uric acid with the extent of CAD was not meaningful (p = 0.25). The correlation between uric acid level and Gensini score was also tested, and a weak correlation was observed (Spearman's correlation = 0.01, p = 0.02).
Discussion
In the present study, we aimed to assess the association between serum uric acid levels and the presence and severity of premature CAD based on the results of coronary angiographies. Our findings show that despite the initial difference in the levels of serum uric acid between the two groups, this relationship disappeared after adjustment for confounding variables, including classic risk factors for CAD. In addition, there was no correlation between serum uric acid level and CAD severity regarding the vessel score and Gensini score.
Several studies have been performed to investigate the relationship between serum uric acid and different aspects of cardiovascular diseases. It is well documented that uric acid is related to risk factors for CAD such as hypertension [5, [11] [12] [13] , diabetes mellitus [14] , meta- bolic syndrome [15, 16] , dyslipidemia [17] , and obesity [18, 19] . One study demonstrated that hyperuricemia was significantly associated with the extent and severity of CAD in patients with a mean age of around 60 years [8] . Contrary to this, the findings of the Framingham study showed no causal role between uric acid and the development of CAD as well as cardiacrelated death and even all-cause mortality [20] . Further, a similar finding was observed in the ARIC study that did not recognize uric acid as an independent risk factor for coronary heart disease [21] . On the other hand, uric acid could independently predict cardiovascular mortality in patients with angiographically proven CAD [22, 23] . However, there are still discrepancies regarding the contributing role of uric acid in the onset or aggravation of premature CAD. It should also be noted that several risk factors, including genetic predisposition, intervene in the development of premature CAD [24] , and that premature CAD may have a different nature from CAD in later life.
Hyperuricemia has been shown to be associated with endothelial dysfunction, and decreased nitric oxide bioavailability has been proposed as the main cause for this dysfunction [25, 26] . Besides, several studies have recognized the serum uric acid levels as predictors for critical cardiovascular events, particularly myocardial infarction [20, [27] [28] [29] [30] . However, these findings were not comprehensive enough to rationalize the role of uric acid as an independent risk factor for CAD as the subjects with CAD in previous studies had a worse state of classic cardiovascular risk factors, particularly metabolic indices such as the body mass index (BMI) and lipid profile. In the present study, serum uric acid levels were initially higher in the premature CAD group, but the disappearance of this association after adjustment for confounding variables can clearly explain how uric acid levels can alter secondary to other classic risk factors for CAD. Similarly, a significant correlation between serum uric acid and several risk factors for CAD has been demonstrated, and uric acid has not been independently associated with the presence and severity of CAD [15] . A study on a large Chinese population found that serum uric acid levels were significantly associated with central arterial stiffness independent of conventional cardiovascular risk factors such as sex, BMI, lipids, and glucose metabolism, while there was no association with peripheral arterial stiffness [31] . On the other hand, significant interactions between serum uric acid and heart rate or blood pressure were observed. This can confirm our hypothesis that the rise in serum uric acid and the development of CAD are parts of a vicious cycle created by atherosclerotic risk factors.
In our study population, serum levels of uric acid were significantly higher in men, which is in line with results from other studies [22] . It has also been demonstrated that serum uric acid levels predicted cardiovascular events in male patients with CAD, and only the highest uric acid quartile was a predictor of cardiovascular events in women [32] . However, there was no relationship between uric acid and premature CAD within each gender group in the present study. Therefore, it seems that the elevation in serum uric acid levels later in the course of the disease and its synergistic effect with other cardiovascular risk factors can augment the severity of atherosclerosis and lead to cardiovascular events. It should also be noted that premature CAD and thereby premature atherosclerosis may comprise different pathogeneses, such as genetic predisposition, compared to the classic arthrosclerosis, and thereby the role of uric acid as a risk factor for premature CAD may be influenced by some unknown factors.
The present study has some limitations. The first limitation is that we only measured serum uric acid right before the angiography. A cohort design with the capability of tracking the changes of serum uric acid could better show the impact of uric acid on the process of atherosclerosis and development of premature CAD. Another possible limitation is the selection bias as the Tehran Heart Center is a tertiary referral hospital. Consequently, our study population did not necessarily represent the general population. The sample size of the study could also have influenced the findings, and maybe a larger sample size can improve the power of the study.
Conclusion
In this study, we did not observe an independent relationship between serum uric acid levels and the presence of premature CAD, although there was a weak correlation with disease severity. Based on our findings and the body of literature, it seems that uric acid is not a strong and independent risk factor for premature atherosclerosis, which is consistent
